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(54) Liquid/gas separating apparatus 
for refrigeration installations 

(57) Liquid/gas separating apDaratus 
for use in a compression-type refrigera- 
tion system comprises at least two 
concentrically arranged chambers 
(1,2,3,4) formed as a single unit (UA4) 
different ones of the chambers being 
used for different ones of the functions 
to separate oil from the compressed 
gas stream, to degas this return oil, to 
separate liquid from the intake gas 
stream and to collect the condensed 
refrigerant liquid. The close proximity 
of the different chambers improves 
functioning, particularly as a result of 
heat transfer from chamber to chamber. 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 



Liquid/gas separating apparatus for refrigeration installations 



5 The invention relates to liquid/gas separating apparatus for compression-type refrigeration installations. 
It is known to use separate oil traps, oil degassing/oil collecting vessels, liquid traps and liquid collectors in 
refrigeration installations. 

It is an object of the invention to construct a liquid/gas separating apparatus of the initially mentioned type 
in such a way that it is compact and economical to operate while providing for correct and reiiable oil return 
10 with protection against hydraulic surges. 

According to the invention there is provided liquid/gas separating apparatus for compression-type 
refrigeration installations which comprises at least two concentrically arranged chambers provided in a 
single apparatus, such chambers being constructed each to carry out a different one of the operating 
functions to separate oil from the compressed gas stream, to degas the return oil and to separate liquid from 
15 the intake gas stream. Preferred embodiments of the invention have three and four operating chambers. 
In an apparatus with two operating chambers only the operating functions "separate oil from the 
compressed gas stream" and "degas this return oil" or, in place of the latter, "separate liquid from the intake 
gas stream" can take place, or the operating functions "degas the oil" and "separate the liquid" can be 
combined. These operating functions can also be provided in various combinations, in apparatuses with 
20 three and four operating chambers, the additional function being "collect the condenser refrigerant liquid". 
The operating chambers separate the circulating media from one another, but preferably are so arranged 
relative to one another that they mutually influence one another in an advantageous manner. The relative 
arrangement of the operating chambers is decided by economic, constructional, functional and thermodyna- 
mic considerations, but the design with operating chambers arranged concentrically next to and above one 
25 another represents an optimum. 

In the text which follows, the abbreviations shown below are used for the individual functions: 



Separate the oil from the compressed gas stream 
Degas this return oil 
30 Separate liquid from the intake gas stream 
Collect the condensed refrigerant liquid 



OS 

■■ D 

SL 
CL 



The multiple supply functions of the apparatus with four operating chambers are as follows: 

1 . Effective, almost complete separation of the refrigerator oil from the compressed gas stream of the 
35 compressed gas line, in the OS operating chamber, by appropriate fitments (screens or baffles! and proper 

size of volume and appropriate oil return (float mechanism) into the D operating chamber, the nature and 
position of the feed also being determined by the particular degassing task (gas space, distance from the oil 
level and from the degassing line). 

2. Effective degassing of the return oil in the D operating chamber by pressure release via a degassing 
40 device (for example a degassing valve with a downstream vapour dome and build-up zone for continuous 

degassing action), and adequate oil supply. Cooling of thefed-in return oil in the supply line (constructed as 
a smooth pipe, ribbed pipe or pipe coil) in the region of the SL operating chamber, also by virtue of its 
cooling action on the stock of oil in the D operating chamber, given an appropriate constructional 
arrangement. Constant-pressure return of the degassed and cooled oil to the crank case of the refrigeration 
45 compressor via an oil-level regulator (float mechanism) provided on the crank case. 

The total, closed sequence of oil separation, float-regulated oil return, degassing and cooling under 
thermally advantageous influence, with short, advantageous flow transistions within the apparatus is 
advantageous. 

It constitutes an optimum both in constructional and functional respects, since, in the preferred 
embodiments of the apparatus, the oil is separated off with high efficiency (there is a saving of energy since 
only the small residual amount of oil abstracts energy from the refrigerant medium and is transported 
through the refrigeration circuit and adversely influences the efficiency of the refrigeration installation, and 
furthermore movement of oil to an undesired location, and secondary damage resulting therefrom, are 
avoided), and the amount of oil collected is returned in a mechanically regulated (reliable) manner, and is 
thereafter immediately degassed (hence avoiding oil frothing in the refrigeration compressor, and 
secondary damage) and is at the same time cooled (thereby avoiding unnecessary heating-up of the 
compressor bearings). 

Refrigerator oil returned from the pressed gas streams usually contains dissolved refrigerant. This often 
results in damage to the refrigeration compressor on starting up and in operation (hydraulic knocks, valve 
damage and even valve plate fracture, damage to bearings and the like). 

To prevent this occurring, electrical heaters for the crank case, or pump-off circuits, are usually provided, 
in order to expel or pump off the refrigerant dissolved in the oil. This consumes additional energy and in 
some cases entails greater expenditure on apparatus. 

The hot refrigerator oil separated from the compressed gas stream in the OS operating chamber, for 
example by means of screens and baffle plates (t 0 s>to> is passed, for example via a mechanical float valve, 
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■"'<■».»,. ,o»owi„ g m em „ avnam , c S™ r "j ZXIZ d9s ' 9 " °' ,he * ea " 

through the SL chamber, or by passina intn ,« X ■ ' ° by a PP r °P"ate passage in pipes 

thermodynamic, important ^^ ^^^^^^ » lh * atmosp'here^,, . . 
advantageous manner whilst the liquid se^ZT^H ^ I ' the re,urn 0,1 is cooled in an 
flowing through this chamber. ^^^^^r inttte ^ 

example, a modified allocation of the chambers o^eTmel f > hea, -' nsula,in 9 surf «e zones, and also, for 
■n the SL chamber the heating of the iJ^?^^£r^TlT °' ^ Connecti ° ns <*" example. 

migrated to the inta^ resid " al °" - ™ures thereof, which has 

continuous return of this liquid (imle foZ 7 mis, an* h '"^ « 935 S,fe3m ' 3nd ' °" the ° the ' hand. 1E 
intake tubes, from the SL operatino chamhor \L th J 1, ._ "° e aft0rdmg Paction, via a Venti ru jet with 
compressor yia its intake gas stream A Ta reZ tZ in ,„ ■ 3PPr0pr,a,e ,0 ,he ^tem, t0 the refrigeration 
20 efficiently avoided by the use of thiTsystem seiz na lo oZ"^* °' d3m3ge ,0 the "^pressor are 

hydraulic knocks (hammering of the peons' breaka^ „f k * Shrinka9e Supercooling,. 20 

crankshafts, and tearing of gaske s, an^mert^ L ! T'*'" 9 V3 ' VeS ' pis,ons ' sentries and ° 
d am age to the bearing?,. iS^^fZ^^^^^T 9 °- ' T V ( °" 3nd 
and size of installation, is achieved, for larger co lectec tlZ , T' t CU °" °' ,he re,ri 9 era 'i°n capacity 
25 connection of a container, of appropria e s ll ,„ hi 5 separated-off liquid, by parallel 

2. Efficient supercooling lU<S7^XSS^i^^" ,g - 'T*" ™ co — -ating pipes . 2 , 
the CL operating chamber. Im^%„^^'£^™ 9 U ° m *• conden ^ vi. the liquid ,ine. in 2 " 

^^"^^^'^^^'^'^^^'^^'^^^''^^^'^Q^^^^ 5 °* ^a^^atfons and of hammering of the 30 
c ll°r« ematUr ! eVapora,ion in the ca « of a relatively long liquid line 
■n »h£ m r f ' gera,l0n «P acit V (greater difference in enthalpy 

hea, flux from the CL operating chamber Xox^ZZSmSlT"™* AS 8 r6SU,t ° f ,he 35 

arrangement, not only , s the liquid in the CL operatm f ^ 30 a PP r °P" a 'e constructional 

through the SL operating chamber. aZ £™^^£™™ bUt ,he in,ake 9as «""m passed 
thereof, ,s heated in an advantageous m a n n e r u F L to h > t o t ,refn9eram ' residual 0,1 and mixture. 

invention. The volume appropriate to <h s em a s unt J,?' 1 "f"' 65 ' WhiCh is also a feature °< this 
size, is achieved, for larger amounts o Iiqu7 taL up bv Z °n 1 * refr, . 9eration "P«*V a ™ installation 
size to the CL operating chamber via coZun J."^ pfp'es C ° nneC, ' 0n °' 3 C ° ma,ner ° f 3ppr0 > r ' ate 45 

combinations of funct.ons are possible 6 °P era,,n 9 chambers. Different 

50 --ec^ P^cj-n use ,n refrigeration mstallations 50 

knocks, and is in particular suitable for compressioTrefnaeratio^ f™"* Pr ° ,eCti ° n 39ainst h V*aulic 

order «o indicate or regulate liqufrjTevels 9 eqU ' pmem in the rel ^ant operating chambers, in 

w The invention w„, be further described, by way of example, with reference to the accompanyng drawings 

60 ^n^:^:^^; refrigeration installation embodying the 

Si " 9 '--it refrigeration installat.on embodying the 
65 ZefZlZZ* ZTe ^ emb0dimem ° f fau ' Ch3mber a PP a -«us as used in 
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Figure 4 shows a flow diagram in respect of a single-circuit refrigeration installation with a one stage 
compressor and including a three chamber separating apparatus; 

Figure 5 shows in part-vertical section an embodiment of three chamber separating apparatus as used in 
the installation of Figure 4; 

5 Figure 5 is a view similar to Figure 5 showing a modified embodiment of three chamber separating 5 
apparatus. 

Figure 7 shows a flow diagram of a single-circuit refrigeration installation with a one-stage compressor 
and having a two chamber separating apparatus; and 
Figure 8 shows in vertical part-section an embodiment of two chamber separating apparatus as used in 
10 the installation of Figure 7. 10 
In the various figures, 1 indicates an operating chamber for separating oil out of a compressed gas stream, 
2 indicates an operating chamber for the degassing of this return oil, 3 indicates an operating chamber for 
separating liquid out of the intake gas stream and 4 indicates an operating chamber for collection of the 
condenser refrigerant liquid. It is, of course, possible for the individual operating chambers to be arranged in 
15 various ways relative to one another. 15 
Figure 1 shows the flow chart of a single-circuit refrigeration installation with a one-stage compressor (7) 
and a UA4 separating apparatus having four chambers for carrying out four different separating functions. 
The following interactions between the operating chambers OS (1 ), D (2), SI (3) and CL (4) result: 
The refrigerant stream, produced by the refrigeration compressor (7), of the refrigeration circuit first enters 
20 the OS operating chamber (1 ) as a compressed gas stream (V) via the compressed gas line (12). In this 20 
chamber, the compressor oil entrained by the compressed gas stream is separated off virtually completely 
and is conveyed, at the same rate as it is separated from the gas, into the D operating chamber (2) under the 
pressure (p) of the compressed gas. 
Here, the compressed gas dissolved in the oil is expanded at a lower pressure ((po+ Ap) < p) and is 
25 conducted via a degassing valve (6) to the SL operating chamber (3). The oil, which has been degassed and 25 
stocked in tne D operaiing chamber (2! is cooled as a result of the cooling action of the SL operating chamber 
(3) (t SL <t D >- 

The compressed gas stream ( V ) passes from the OS operating chamber 1 1 ) via a downstream non-return 
valve ( 1 5) in the compressed gas line ( 1 2), to the condenser (8). The refrigerant liquid which issues therefrom 
30 passes via the liquid line ( 1 3) into the CL operating chamber (4), where it is supercooled by the cooling action 30 
of the SL operating chamber (3) and of the atmosphere. 

From the CL operating chamber (4) the supercooled refrigerant fluid flows through the liquid line (13) to 
the expansion valve (10), where it is expanded to the evaporation pressure (po) and is injected into the 
vaporiser (9). 

35 The vaporised refrigerant enters the SL operating chamber (31 as an intake gas stream (Vo) via the intake 35 
gas line ( 1 1 ). In this chamber, the liquids (refrigerant, residual oil or mixtures thereof) which have been 
entrained by the intake gas stream or have migrated from the liquid side are separated off efficiently and 
collected. Together with the issuing intake gas stream, these liquids are continuously drawn off, in an 
appropriately protected form, by the refrigeration compressor (7) via the intake gas line ( 11 ). 

40 The degassed and cooled return oil stocked in the D operating chamber (2) passes, under a constant 40 
pressure difference (Ap), via an exit shut-off valve (5) and oil return line (17), and via an oil level regulator 
(14), into the crank case of the refrigeration compressor (7). 

Figure 2 shows a flow chart of a single-circuit refrigeration installation with two-stage compressor (18), 
liquid supercooler (25) and four chamber separating apparatus UA4. In this installation, an interaction 

45 between the operating chambers OS (1), D (2), SL (3) and CL (4) analogous to that described in relation to 45 
Figure 1 results; the following effects, associated with the two stage operation, are to be noted: the 
compressed gas stream (V) passes from the high pressure stage (20) into the refrigeration circuit, and the 
intake gas stream ( Vo) passes via the line 1 1 to the low pressure stage (19) of the two-stage refrigeration 
compressor (18). The pressure prevailing in the crank case is virtually middle pressure (pm), since the crank 

50 case is connected to the middle pressure zone (21 ). In the D operating chamber (2) this requires a pressure 50 
llpmt Ap)<p) greater than the middle pressure (pm). This is achieved by degassing in the direction of the 
middle pressure zone (21). For this purpose the degassing line (24) is connected to the liquid injection line 
(23) between the expansion valve (22) for the intermediate injection, and the liquid supercooler (25). 
Figure 3 shows an illustrative embodiment of a four chamber, four function, separating apparatus UA4 

55 with an operating chamber system (OS (1), D (2), SL (3) and CL (4)) and interactions as described for Figure 1. 55 
Figure 4 shows the flow chart of a single-circuit refrigeration installation with one-stage compressor (7) 
and three chamber separating apparatus UA3, whose three operating chambers are based on the functions 
OS (1), D (2) and SL (3). This accordingly results in the following interactions: 
The refrigerant stream, generated by the refrigeration compressor (7), of the refrigeration circuit first 

60 enters the OS operating chamber (1 ) as a compressed gas stream (V) via the compressed gas line 1 1 2). In the 60 
chamber (1 ), the compressor oil entrained by the compressed gas stream is separated off virtually 
completely and conveyed, at the same rate as that at which it is separated from the gas stream, into the D 
operating chamber (2) under compressed gas pressure (p). In this chamber, the compressed gas dissolved in 
the oil is expanded at a lower pressure ( (po + Ap) <p ) and led away to the SL operating chamber (3) via a 

65 degassing valve (6). The oil degassed and stocked in the 0 operating chamber (2) is cooled by the cooling 65 
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action of the SL operating chamber (3) (tSL<tD) 
The compressed gas stream (V) passes from the OS operatinq chamber m uia a rt „ 

expanded to the vaporisation pressure (po) and injected into the vaporiser (9) 5 
oas liL V nTrn e t d hL efr r ra K nt thC SL ° Peratin9 Chamber (3) as an intake 9as stream ( Vo) via the intake 

15 Figure 5 shows an illustrative embodiment of a three chamber three function iiai s .„, . 

W Ra a u n re ° 6 Pe h a,,n9 SVS,em ( ° S (1 1 ° <2) and SL (3 » M^Z^'^™^™™ 15 

Figure 6 shows a modified embodiment of the three chamber UA3 separatinq apparatus 1 L 

a™;.., ,, ,. oo m „,e !S o, a, e„„ a ,„ea b, ^^^^V^^^" 21 '""" 

25 

operating chamber ,2) is cooled by the coding action of the surrounding a mospher ( < ° * ° 

nj^X^^ 

35 .ia^ZSlTier ' eadS fr ° m de93SS,n9 ,6 ' ,0 re,Um ' ine fr ° m the Vap ° riser l9) 10 «» 

nrL h = 6 de9a " ed and , cooled return oil st °^d in the D operating chamber (2) passes under a constant 

( 14Mnto th T ^ P, 'r! 30 eXi ' ShU, ' 0ff Va ' Ve (5 » and 0il re,urn ,ine ' 1 7 '. -nd " an oi evel regu a.or 
(14). mto the crank case of the refrigeration compressor (7) regulator 

40 uSisxr wim ^ of a ,wo chamber ' tw ° function ' ua2 sepa -^ *~ 

The operating chamber 3. having the Venturi nozzle shown schematically in Fiqures 3 5 and 6 k „ rB , or:l Ki 4 ° 
":S e 0 d 2 a 58 a 2 IO9OUS,V ,0 HqUid S6Parat0r ' W " h draW '° ff n °" le ' ^scribedTn^^ma^o'ffe^n^^ 

JrlnnT 0 ", '"^l" Va "° US P ° Slti ° nS ° f the °P eratin 9 chambers, it is also possible to provide an 

chamber adjoins two neighbouring operating chambers. operating 50 

CLAIMS 
55 1 



30 



35 



-eahbS c =S^ 
^3=gS~ 

_ eoin^SoTaJX ^ PreCedm9 C ' aim ' ^ " ' eaSt ,W ° °< ,he Cham °- a " in tracing 
65 5. Apparatus according to claim 4, wherein the interacting connection is via a heat exchange surface 
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which separates the two chambers one from the other. 

6. Apparatus according to any preceding claim, which has more than two of the chambers with these 
being so arranged that in each case one chamber adjoins not more than two neighbouring chambers via a 
sizable surface zone. " 3 

5 7. Apparatus according to any one of claims 1 to 5, which has at least four of the chambers with the 
chambers being so arranged that one of the chambers adjoins more than two of the others via a sizable 
surface zone. 

8. Separating apparatus constructed and arranged to operate substantially as herein described with 
reference to and as illustrated in Figure 3. Figure 5, Figure 6 or Figure 8 of the accompanying drawings 
10 9. A compression-type refrigeration installation including separating apparatus as claimed in any 
preceding claim arranged for carrying out said functions during operation of the installation 

10. A compression-type refrigeration installation constructed and arranged to operate substantially as 
herein described with reference to and as illustrated in any one of the Figures of the accompanvina 
drawings. ~ 
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